gree of risk at presentation predicts potential benefit from an early invasive strategy, 4 current guidelines recommend an early invasive strategy in highrisk patients. 1, 5 In addition, deferral of intervention for prolonged antithrombotic pretreatment does not improve the outcome compared with immediate intervention. 6 Although percutaneous coronary interventions (PCIs) are an established therapeutic approach in high-risk patients presenting with ACS, 7 it is still unclear what the best adjunctive antithrombotic therapies are. There is increasing evidence that treatment with clopidogrel prior to PCI prevents postprocedural ischemic complications 8, 9 and may attenuate differences observed between 2 antithrombotic regimens given periinterventionally. 10, 11 Several studies have shown that a 600-mg loading dose of clopidogrel, compared with the usual 300-mg dose, is as safe and is significantly more rapidly acting and that maximal inhibition of platelet aggregation is achieved within 2 hours after administration. [12] [13] [14] In the first Intracoronary Stenting and Antithrombotic Regimen: Rapid Early Action for Coronary Treatment (ISAR-REACT) trial, a 600-mg loading dose of clopidogrel was well tolerated and was associated with such a low frequency of early complications that the use of the glycoprotein (Gp) IIb/IIIa inhibitor abciximab offered no clinically measurable benefit at 30 days in stable patients undergoing elective PCI. 15 It is, however, not known whether the antiplatelet effect provided by 600 mg of clopidogrel is so great that it obviates the need for more potent antiplatelet therapies in patients with ACS undergoing PCI. Because there is enhanced platelet activation and aggregation in ACS compared with stable coronary disease, 2, 16, 17 more potent antiplatelet therapies may be more effective. 18 In a meta-analysis of trials involving patients with ACS who were primarily medically managed, Gp IIb/IIIa inhibitors resulted in reduced rates of death and myocardial infarction (MI); this positive effect was largely confined to patients undergoing PCI during index hospitalization. 19 However, no specifically designed randomized, placebo-controlled study has addressed the issue of the value of Gp IIb/IIIa inhibitors in high-risk patients with ACS who are undergoing PCI, especially in the era of routine pretreatment with 600 mg of clopidogrel.
Therefore, the objective of the randomized, double-blind, placebocontrolled ISAR-REACT 2 trial was to assess the hypothesis that the Gp IIb/ IIIa inhibitor abciximab is a useful therapy in patients with non-STsegment elevation ACS undergoing PCI, even after pretreatment with a 600-mg loading dose of clopidogrel.
METHODS

Study Population
Patients were enrolled from March 2003 through December 2005. The inclusion criteria were an episode of angina (with an accelerating pattern or prolonged [Ͼ20 minutes] or recurrent episodes at rest or with minimal effort) within the preceding 48 hours, accompanied by an elevated troponin T level (Ͼ0.03 µg/L) or a new finding of ST-segment depression of at least 0.1 mV or transient (Ͻ20 minutes) ST-segment elevation of at least 0.1 mV or new or presumed new bundle-branch block; significant angiographic lesions in a native coronary vessel or venous bypass graft amenable to and requiring a PCI; and written informed consent from the patient.
The exclusion criteria were an ST-segment elevation acute MI (STsegment Ն0.1 mV elevation in Ն2 contiguous electrocardiographic leads persisting for at least 20 minutes); hemodynamic instability; pericarditis; malignancies with life expectancy less than 1 year; increased risk of bleeding (stroke within the previous 3 months, active bleeding or bleeding diathesis, recent trauma or major surgery in the last month, suspected aortic dissection); oral anticoagulation with a coumarin derivative within the previous 7 days; receipt of a Gp IIb/IIIa inhibitor within the previous 14 days; systolic blood pressure of greater than 180 mm Hg unresponsive to therapy; a hemoglobin level less than 100 g/L or hematocrit less than 34%, or platelet count less than 100 ϫ 10 3 cells/µL or greater than 600 ϫ 10 3 cells/µL; known allergy to the study medication; and pregnancy (present or suspected).
All patients provided written informed consent prior to catheterization for participation in the study, and the study protocol was approved by the ethics committees of all participating centers in Europe and South America.
Study Protocol
Patients in both study groups received oral clopidogrel, 600 mg, at least 2 hours before PCI. They also received 500 mg of oral or intravenous aspirin. The recommended strategy was an early PCI with stenting within 6 hours from establishment of the diagnosis of ACS. After the decision to perform a PCI but before the guide wire had crossed the lesion, patients were randomly assigned in a double-blind manner using sealed envelopes containing the block randomization sequence for each participating center. Patients in the abciximab group received abciximab (0.25 mg/kg of body weight bolus, followed by a 0.125-µg/kg per minute [maximum, 10 µg/min] infusion for 12 hours), plus heparin, 70 U/kg of body weight. Patients in the placebo group received a placebo bolus and infusion of 12 hours plus heparin bolus, 140 U/kg. Double-blinding was achieved by using vials of similar appearance in the 2 groups.
All patients had troponin levels measured prior to randomization, though not necessarily after PCI. Post-PCI MI criteria were based on creatine kinase CK-MB levels (see below).
Coronary stenting was the preferred PCI according to protocol. Postinterventional therapy included 200 mg of as-pirin indefinitely; 75 mg of clopidogrel twice a day until discharge but for no longer than 3 days, followed by daily administration of 75 mg for at least 6 months; as well as other cardiac medications believed to be appropriate by each patient's physician. The protocol provided for the performance of electrocardiograms and collection of blood samples for determination of cardiac enzyme levels, hemoglobin levels, and platelet counts every 8 hours for the first 24 hours after the procedure and daily afterwards, until discharge. Three or more cardiac enzyme measurements were obtained in 87% of the patients; 2 or more measurements were obtained in 98%.
A telephone interview was conducted at 30 days, and patients with cardiac complaints were seen in the outpatient clinic for a complete clinical, electrocardiographic, and laboratory check-up. The local research coordinators collected the data and forwarded them to the data coordinating center. High-quality data were ensured by checking source documentation.
Study End Points and Definitions
The primary end point was the combined cumulative incidence of death from any cause, MI, and urgent target vessel revascularization (coronary artery bypass graft surgery or PCI) due to myocardial ischemia within 30 days after randomization. The diagnosis of MI was made according to the Thrombolysis In Myocardial Infarction (TIMI) criteria 20 and based on development of new abnormal Q waves (Ն30 ms in duration and Ն0.1 mV in depth) in 2 or more contiguous precordial leads or in 2 or more adjacent limb leads, considered to be distinct from the evolution of the index MI; elevation of CK-MB isoenzyme levels (or total CK levels if CK-MB levels were not available) to 3 times the upper limit of normal or greater and, if the pre-PCI CK-MB (or total CK) level was higher than the upper limit of normal, both an increase by at least 50% over the previous value and documentation that the level of CK-MB (or total CK) was decreasing prior to the suspected recurrent MI; recurrent anginal symptoms or new electrocardiographic changes compatible with MI, associated with an elevation of CK-MB level to 50% or more above the peak level prior to randomization for patients in whom there had been no documented decrease of initially elevated CK-MB level prior to randomization; or a CK-MB level more than 10 times the upper limit of normal for patients undergoing coronary artery bypass graft surgery.
The secondary (safety) end points were rates of in-hospital major and minor bleeding. Major and minor bleeding were defined according to the TIMI criteria. 20 The criteria for the diagnosis of major bleeding included intracranial or clinically significant overt signs of hemorrhage associated with a greater than 50-g/L decrease in hemoglobin level or an absolute decrease in hematocrit of greater than 15% (when hemoglobin level was not available). The diagnosis of intracranial bleeding required confirmation by computed tomography or magnetic resonance imaging of the head. The criteria for the diagnosis of minor bleeding included observed blood loss and a decrease in hemoglobin level of 30 to 50 g/L (or, when hemoglobin level was not available, a decrease in the hematocrit of 9 to 15 percentage points) or a decrease in hemoglobin level of 40 g/L or greater (or Ն12% in hematocrit) if no bleeding site was identifiable. We also monitored for the occurrence of profound thrombocytopenia (Ͻ20ϫ10 3 platelets/µL) or need for transfusion of blood products.
All events were adjudicated and classified by an event adjudication committee blinded to the assigned treatment.
Statistical Analysis
We assumed a 30-day incidence of the primary end point of 8% in the abciximab group and of 12% in the placebo group, which corresponds to a risk reduction of 33% with abciximab. With 900 patients included in each group, the trial had 80% power to detect this reduction at a 2-sided ␣ error of .05.
All analyses were performed in a blinded manner regarding the randomly assigned treatment. Unblinding of the study groups was performed after completion of the statistical analyses. Data are presented as mean (SD) or as counts or proportions (%). Categorical data were compared with the 2 test or Fisher exact test when expected cell values were less than 5. Continuous data were compared with the t test.
The main analysis used a simple binomial rate ratio to calculate the relative risk (RR) and 95% confidence interval (CI) associated with the use of abciximab compared with placebo regarding the primary end point. The Kaplan-Meier method was used to graphically describe cumulative event incidence with differences checked by means of the log-rank 2 test. A secondary analysis addressed the comparison of abciximab with placebo in the prespecified subsets defined by the presence of an increased troponin level at baseline (Ͼ0.03 µg/L) and of diabetes, as well as by the duration of clopidogrel pretreatment. In a multivariable logistic regression model including the baseline characteristics of FIGURE 3 shows the frequency with which the primary end point was reached in the subsets of patients defined by the presence or absence of an elevated troponin level. As expected, the incidence of ischemic events was much higher in the subset of patients with elevated troponin levels, irrespective of the study group. There was no difference in the incidence of ischemic events between the abciximab group ( FIGURE 4 shows the incidence of the primary end point and the relative risk associated with the use of abciximab in various subgroups. Neither diabetes (P =.37) nor duration of clopidogrel pretreatment (P =.34) showed a significant interac- Abbreviation: ACE, angiotensin-converting enzyme. *Arterial hypertension defined as systolic blood pressure Ն140 mm Hg and/or diastolic blood pressure Ն90 mm Hg at least on 2 separate occasions; diabetes mellitus, as the presence of an active treatment with insulin or an oral antidiabetic agent; current smoking, as regular smoking in the prior 6 months; hypercholesterolemia, as documented total cholesterol value of Ն240 mg/dL (6.2 mmol/L). †Calculated as weight in kilograms divided by the square of height in meters. ‡Defined as lesions of type B2 or C according to the modified lesion morphology classification of the American College of Cardiology/American Heart Association. 21 tion with assigned treatment regarding the primary end point.
Safety Analysis
TABLE 3 displays the number of patients who experienced bleeding and those who required blood transfusions or developed profound thrombocytopenia. There were no significant differences between the 2 groups regarding the risk of major and minor bleeding as well as need for transfusion. Profound thrombocytopenia was observed only in the group receiving abciximab (8 patients vs none in the placebo group, P = .008).
COMMENT
We assessed the role of the Gp IIb/IIIa inhibitor abciximab in patients with ACS undergoing PCI after pretreatment with a 600-mg loading dose of clopidogrel. Abciximab reduced the risk of adverse ischemic events; the benefit provided by this drug was confined to patients with an elevated troponin level. This benefit was not offset by a significant increase in bleeding. The patients in the present trial were characterized by a high proportion of elderly patients (mean age, 66 years) with complex lesions (81%) and with elevated troponin levels (52%). An important difference between this and prior trials of Gp IIb/IIIa inhibitors in patients with ACS is that, in the prior trials, randomization was performed before angiography. As a result, in each of those trials some patients without coronary artery disease-and, consequently, with lower risk-were enrolled. In contrast, in the present trial, patients were randomly assigned after the diagnosis of obstructive epicardial coronary artery disease was established angiographically. These characteristics and the trial design increased the risk profile of the patients in this trial and should be taken into account when making comparisons between this and other trials in patients with ACS. 7, 22, 23 Special consideration should be given to the C7E3 Fab Antiplatelet Therapy in Unstable Refractory Angina 24 Among patients with an elevated troponin level in the CAPTURE trial, the combined 30-day incidence of death and MI was 19.6% in the placebo group and decreased to 5.8% in the abciximab group. 25 However, patients with refractory angina after diagnostic angiography were excluded from the CAPTURE trial, 24 and those included were younger by 5 years and less likely to have diabetes compared with patients enrolled in the ISAR-REACT 2 trial.
We found a 25% reduction of the risk of recurrent ischemic events among patients assigned to abciximab. Notably, the gradient in favor of abciximab was seen for all components of the primary end point-death, MI, and urgent target vessel revascularizationalthough none reached statistical significance when considered individually. The adverse event rate observed in patients without an elevated troponin level was similar to that seen previously in the first ISAR-REACT trial, an earlier trial of abciximab in stable patients undergoing elective PCI. 15 In that subset of patients without elevated troponin levels, as in prior studies, 15 abciximab did not provide added clinical benefit to patients pretreated with 600 mg of clopidogrel. In contrast, among patients with an elevated troponin level, the risk of recurrent ischemic events was considerably higher than that in those without elevated troponin levels and was reduced by 29% by abciximab. This is in line with previous studies that have shown that patients with ACS and elevated troponin levels derive the greatest benefit from therapy with Gp IIb/IIIa inhibitors. 18 Pretreatment with a loading dose of clopidogrel has become standard therapy in patients undergoing PCI. Recent studies have shown that not only faster but greater platelet inhibition can be achieved by use of a loading dose of 600 mg of clopidogrel as compared with 300 mg. 12, 26, 27 This has also been associated with better protection from myocardial injury during PCI. 28 In stable patients undergoing elective PCI, pretreatment with 600 mg of clopidogrel provides platelet inhibition sufficient to enable a safe procedure without the need of Gp IIb/IIIa inhibitors. 15, [29] [30] [31] In patients with ACS, however, platelet activation and aggregability are substantially increased, and the concentration of inflammatory mediators is increased as well; both platelet activation and hyperaggregability and an increase in inflammatory mediators correlate with the degree of myocardial damage as assessed by biochemical markers. 16, 32, 33 Glycoprotein IIb/IIIa inhibitors achieve additional suppression of platelet aggregation 26 and the inflammatory response 34 from both ACS and PCI beyond that provided by clopidogrel. This may be particularly important in patients with ACS who have elevated troponin levels, offering a possible explanation of the favorable effect achieved by abciximab in such patients in the present study.
Several issues could not be addressed in the present study. Although an increasing number of centers have adopted the strategy of pretreatment with 600 mg of clopidogrel, many centers are still giving a lower dose or no clopidogrel to patients with ACS prior to PCI. Whether the clinical benefit of abciximab might be greater in patients who do not receive pretreatment with 600 mg of clopidogrel is unknown. We also cannot exclude the possibility that a greater benefit from abciximab might have been present had this therapy been initiated earlier, prior to the catheterization laboratory. 35 The results of the present study should be considered in the context of the settings in which the study was carried out. All patients were pretreated with 600 mg of clopidogrel and received unfractionated heparin during the procedure. We used a larger heparin bolus than is traditionally used in the United States, 36 but, at the same time, there was no activated clotting time guidance and no additional heparin doses were administered during the procedure. Alternative strategies based on the direct thrombin inhibitor bivalirudin administered with or without Gp IIb/IIIa antagonists are currently being evaluated in patients with ACS who are not routinely pretreated with 600 mg of clopidogrel. 37 In addition, novel, rapidly acting P2Y12 antagonists such as prasugrel, 38 cangrelor, 39, 40 and AZD6140 41 are being assessed as alternatives to clopidogrel loading and may modify the benefit profile of abciximab in patients with ACS treated invasively.
CONCLUSION
Abciximab reduces the risk of adverse events in patients with non-STsegment elevation ACS who are undergoing PCI after pretreatment with 600 mg of clopidogrel. The benefits of abciximab appear to be confined to patients with an elevated troponin level.
